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O uso de pinos de fibra de vidro associados a cimentos resinosos para 
restaurações estéticas já está consolidado na odontologia. Entretanto os protocolos 
instaurados na literatura apresentam várias etapas e há uma tendência de 
simplificação da Odontologia Restauradora, então protocolos com menos passos de 
cimentação é interessante clinicamente. Objetivo do estudo, então, foi avaliar os 
efeitos do reembasamento com resina composta e diferentes protocolos sobre a 
resistência à extrusão de pinos de fibra de vidro, por meio de um estudo 
experimental controlado e randomizado. Realizou-se um experimento em esquema 
fatorial de parcelas subdivididas. Os fatores de estudos foram: 1) técnica de 
cimentação, em 4 níveis: G1 e G5: Scoth Bond Multi-Purpose (SBMP) + RelyX ARC 
(ARC); G2 e G6: RelyX U200 (U200); G3 e G7: Single Bond Universal (SBU) self-
etch + RelyX Ultimate (Ultimate); G4 e G8: OptiBond All-in-one self-etch + NX3 
Nexus Third Generation (NX3); 2) reembasamento com resina composta, em 2 
níveis: G1 a G4 sem reembasamento e G5 a G8 com reembasamento do retentor, e; 
3) região da dentina radicular, em 3 parcelas: região cervical, média e apical. Após 
os protocolos de cimentação, foram confeccionado de 2 a 3 discos para cada região 
radicular. Os espécime passaram na máquina de ensaio universal INSTROM para 
ensaio mecânico de resistência ao cisalhamento por extrusão (push-out), até a falha. 
Os valores obtidos em kgf foram convertidos para MPa. E as amostras foram 
analisadas em microscópio óptico para classificação dos padrões de falha. Os 
resultados passaram por análise de variância em esquema de parcelas subdivididas 
realizadas no SAS, considerando o nível de significância de 5%. Os resultados 
encontrados foram de não houve diferença estatística quanto aos diferentes 
protocolos de cimentação sem reembase do pino de fibra de vidro, porém entre os 
grupos com reembasamento, o G8 apresentou os menores valores. Não houve 
diferença significativa quando comparados os grupos com ou sem reembasamento 
do pino com o mesmo protocolo de cimentação e mesma região da dentina 
radicular, com exceção dos grupos 1 e 5 na região cervical e média e dos grupos 3 e 
7 na região apical. Já a região da dentina radicular interfere na resistência à 
extrusão nos grupos sem reembasamento e também no G5. Já o padrão de falha 
mostrou uma homogeneidade e mais falhas adesivas nos grupos sem 
reembasamento, enquanto que nos reembasados as falhas foram mais 
heterogêneas.  Portanto, a hipótese de que um sistema adesivo dentinário universal 
associado ao cimento resino dual interfere na resistência à extrusão é falso. O 
reembasamento do pino de fibra de vidro apesar de não apresentar diferença 
significativa nos valores do push-out, mostra no padrão de falha maior resistência 
adesiva. E por último a hipótese de que a região da dentina radicular interfere na 
resistência à extrusão é verídica, tendo diferença entre as regiões e sendo a apical a 
com os menores valores. 

























 The use of fiberglass intraradicular posts associated with resin cements for 
aesthetic restorations is already consolidated in Dentistry. However, the protocols 
introduced in the literature have several steps and the Restorative Dentistry has been 
simplified, so protocols with fewer cementation steps are clinically interesting. So, the 
objective of this study was to evaluate the effects of relining with composite resin and 
different protocols on the extrusion resistance of fiberglass posts, through a 
controlled and randomized experimental study. The experiment was in a factorial 
scheme of subdivided plots. The study factors were: 1) cementing technique, in 4 
levels: G1 and G5: Scoth Bond Multi-Purpose (SBMP) + RelyX ARC (ARC); G2 and 
G6: RelyX U200 (U200); G3 and G7: Single Bond Universal (SBU) self-etch + RelyX 
Ultimate (Ultimate); G4 and G8: OptiBond All-in-one self-etch + NX3 Nexus Third 
Generation (NX3), e; 2) composite resin reline, in 2 levels: G1 to G4 without relining 
and G5 to G8 with relining of the post, and; 3) radicular dentin region, in 3 plots: 
cervical, middle and apical region. After the cementation, 2 or 3 discs were made for 
each region root region. The specimens were tested for shear strength by push-out 
until fracture using the universal test machine INSTROM. The values obtained in kgf 
were converted to MPa. After the push-out, the samples were analyzed under an 
optical microscope to classify the failure modes. The results were analyzed in 
subdivided plots by variance analysis performed by SAS, considering a 5% level of 
significance. The results were found to have not been statistical difference between 
different cementation protocols without relining of the fiberglass post, but among the 
groups with relining, group 8 had the lowest values. There was no significant 
difference between the groups with or without relining of the fiberglass post when the 
same cementation protocol was applied, except for the groups 1 and 5 in the cervical 
and middle region and groups 3 and 7 in the apical region. However, the root dentin 
region has shown to interfere in the extrusion resistance in the groups without post 
relining and in the group 5. Already, the failure modes showed a homogeneity and 
more adhesive failures in the groups without relining, whereas in the reline groups 
the failures were more heterogeneous. Therefore, the hypothesis that a universal 
dentin adhesive system associated with dual resin cement interferes with the push-
out is false. The reline of the fiberglass post although not presenting significant 
difference in the values of the push-out, shows in the failure modes better adhesive 
strength. Finally, the hypothesis that the root dentin region interferes with the 
extrusion resistance is true, with a difference between the regions and the apical one 
with the worse values. 
 































2.Artigo: Evaluation of the influence of relining with composite resin and cementation 
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As restaurações de dentes com tratamento endodôntico têm sofrido 
significativas mudanças nos últimos anos[1].  A demanda por estética associada a 
resistência é algo importante para ser levado em consideração na escolha da 
restauração ideal no tratamento de dentes anteriores tratados endodonticamente [2]. 
Atualmente, o uso de retentores intrarradiculares de fibra de vidro associados com 
cimentos resinosos para restaurações estéticas vem sendo muito bem aceito e 
ganhando força [3]. 
Entretanto, a cimentação dos retentores intrarradiculares é um procedimento 
desafiador devido as características da dentina radicular após o tratamento 
endodôntico e das propriedades dos diferentes sistemas de união [4]. Vários fatores 
contribuem para que a cimentação seja crítica, entre eles o fato de que o canal 
radicular não permite o devido acesso da luz durante a polimerização do cimento 
resinoso, desse modo, causando uma falha na conversão dos monômeros resinosos 
nos primeiros minutos da cimentação [5]. Para que isso não ocorra os fabricantes 
desenvolveram sistemas adesivos capazes de acelerar o processo de polimerização 
inicial dos cimentos resinosos duais ou dos autopolimerizáveis através de primers e 
co-iniciadores, e com isso melhorar a retenção primária dos pinos de fibra de vidro 
nos condutos radiculares [6,7]. 
Além disso, a adesão entre os retentores intrarradiculares com os cimentos 
resinos, também precisa de atenção. Dentre os vários tratamentos de superfície e 
agentes de união que foram testados os silanos, mostraram-se o melhor método 
para a retenção do pino à resina composta do cimento por aumentar a estabilidade 
hidrolitica da interface pino/cimento [8,9,10]. Entretanto, a Odontologia Restauradora 
vem passando por uma fase de simplificação, então a utilização de uma quantidade 
menor de materiais na processo de cimentação é interessante clinicamente. 
Hoje, existem os adesivos, denominados universais, que são diferenciados 
em sua composição química podendo ser utilizados tanto pelas técnicas com 
condicionamento ácido total prévio ou pela técnica autocondicionante [11,12]. Os 
sistemas adesivos simplificados, ou seja, que contém porções hidrófilas e hidrófobas 
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num mesmo frasco, agem como membranas permeáveis para água, mesmo após a 
polimerização [13], além disso, os adesivos autocondicionantes de frasco único 
contém monômeros acídicos que permanecem na superfície da camada de adesivo 
[14]. Esses monômeros residuais reagem com as aminas terciárias dos compósitos 
de ativação química ou dual, reduzindo a quantidade de aminas para reagir com o 
peroxido de benzoíla, responsáveis pela iniciação da reação de polimerização 
química [15].  
Para ser usados com os adesivos universais uma nova geração de cimentos 
resinosos também foi desenvolvida. Estes, possuem em sua composição um 
sistema compatível com a química dos adesivos ácidos, diminuindo a reação entre 
os monômeros residuais e as aminas terciárias dos cimentos resinosos. 
Além disso, outro aspecto do sistema de retenção a ser levado em 
consideração é a anatomia radicular, afinal canais amplos acabam gerando uma 
camada excessivamente espessa de cimento resino, que acabam não sendo 
suficientemente resistente as forças oclusais [16,17]. O reembasamento do retentor 
intrarradicular com resina compostas pode evitar essa ampla linha de cimento 
resino, agregando ainda suas boas propriedades mecânicas ao pino de fibra de 
vidro [17]. Entretanto, as análises qualitativas desse tipo de pino são escassas na 
literatura. 
Então, um estudo que associe todos os fatores descritos acima se faz 
necessário para avaliar todos os matérias novos disponíveis no mercado e suas 
diferentes formas de aplicação. Portanto, o objetivo deste estudo foi avaliar os 
efeitos do reembasamento com resina composta restauradora e diferentes 
protocolos de cimentação sobre a resistência à extrusão de pinos de fibra de vidro, 
por meio de um estudo experimental controlado e randomizado. As hipóteses 
confrontadas serão: 1) o uso de um sistema adesivo dentinário universal associado 
ao cimento resinoso dual interfere na resistência à extrusão; 2) o reembasamento do 
pino de fibra de vidro melhora a resistência à extrusão, e; 3) a região da dentina 







EVALUATION OF THE INFLUENCE OF RELINING WITH COMPOSITE 
RESIN AND CEMENTATION PROTOCOLS ON THE SHEAR RESISTANCE PER 
PUSH-OUT OF FIBERGLASS INTRARADICULAR POSTS  
ABSTRACT 
This study was to evaluate the effects of relining with composite resin and different 
protocols on the extrusion resistance of fiberglass posts, through a controlled and 
randomized experimental study. The study factors were: 1) cementing technique, in 4 
levels: G1 and G5: Scoth Bond Multi-Purpose (SBMP) + RelyX ARC (ARC); G2 and 
G6: RelyX U200 (U200); G3 and G7: Single Bond Universal (SBU) self-etch + RelyX 
Ultimate (Ultimate); G4 and G8: OptiBond All-in-one self-etch + NX3 Nexus Third 
Generation (NX3), e; 2) composite resin reline, in 2 levels: G1 to G4 without relining 
and G5 to G8 with relining of the post, and; 3) radicular dentin region, in 3 plots: 
cervical, middle and apical region. So, 2 or 3 discs were made for each region root 
region. The specimens were tested for shear strength by push-out until fracture using 
the universal test machine INSTROM. After, the samples were analyzed under an 
optical microscope to classify the failure modes. The results were found to have not 
been statistical difference between different cementation protocols without relining of 
the fiberglass post, but among the groups with relining, group 8 had the lowest 
values. There was no significant difference between the groups with or without 
relining of the fiberglass post when the same cementation protocol was applied, 
except for the groups 1 and 5 in the cervical and middle region and groups 3 and 7 in 
the apical region. However, the root dentin region has shown to interfere in the 
extrusion resistance in the groups without post relining and in the group 5. Already, 
the failure modes showed a homogeneity and more adhesive failures in the groups 
without relining, whereas in the reline groups the failures were more heterogeneous. 
Therefore, the hypothesis that a universal dentin adhesive system associated with 
dual resin cement interferes with the push-out is false. The reline of the fiberglass 
post although not presenting significant difference in the values of the push-out, 
shows in the failure modes better adhesive strength. Finally, the hypothesis that the 
17 
 
root dentin region interferes with the extrusion resistance is true, with a difference 
between the regions and the apical one with the lowest values. 
 
Descriptors: Adhesives; Dental Cements; Shear Strength 
 
 INTRODUCTION  
          The advancement in dental materials technology and increased aesthetic 
treatments demand turned the use of fiberglass posts and resin cements a common 
and well accepted practice.1 However, cementation of intraradicular posts by the 
adhesive technique is critical. Mainly because there is a small access to light in the 
root canal during the resin cement polymerization. And this causes a deficiency in the 
resinous monomers conversion in the first minutes after cementation. 2 To avoid this 
undesirable effect, some manufacturers have developed adhesive systems 
containing primer and co-initiators to accelerate the initial polymerization process of 
the dual and self-curing resin cements and consequently to improve the primary 
retention of the fiber posts within the root canals.3,4 
 On the other hand, the adhesion of the fiberglass posts to the resin cement 
also deserves attention. Several surface treatments and bonding agents have been 
tested to determine the best method for retention of the fiber post to the cement’s 
composite resin and it is suggested that the use of silanes increases the hydrolytic 
stability of the post/cement interface.5,6,7 However, there is a trend towards 
simplification in Restorative Dentistry, so the use of fewer products in the 
cementation system of the fiberglass posts is interesting from the clinical point of 
view. 
 Currently, there are on the market the simplified adhesives called universal 
which have a different chemical composition that can be used by the technique of 
total acid etching or as self-etching.8,9 There is an incompatibility between its acid 
monomers with the dual resin cement. Simplified adhesive systems, i.e., containing 
hydrophilic and hydrophobic moieties in the same bottle, act as water permeable 
membranes even after polymerization.10 In addition, one-bottle self-etching adhesives 
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contain acidic monomers that remain on the surface of the adhesive layer.11 These 
residual monomers react with the tertiary amines of the dual or chemical activation 
composites, reducing the amount of amines to react with the benzoyl peroxide, 
responsible for the initiation of the chemical polymerization reaction.12 
 A new generation of dual resin cement has also been developed for use with 
universal adhesives. These cements have a system that allows chemical 
compatibility with acidic adhesives, decreasing the reaction between the residual 
monomers and the tertiary amines of the resin cements. 
 And taking into account the entire retention system, the root anatomy also 
deserves attention. This is because broad root canals generate an excessively thick 
layer of resinous cement, which in turn are not strong enough to withstand the 
occlusal forces.13,14 This wide line of cementation can be avoided by relining the fiber 
post with restorative composite resin, adding its good mechanical properties to the 
post. 14 However, the literature is scarce in relation to the qualitative analysis of this 
type of post. 
 Hence, it is necessary to study the association between all the factors 
described above to evaluate the new materials available in the market and its various 
forms of application. Therefore, the aim of this study was to evaluate the effects of 
relining with restorative composite resin and different cementation protocols on the 
fiberglass posts extrusion resistance by means of a randomized controlled 
experimental study. It is hypothesized that; 1, the use of a universal dentin adhesive 
system associated to a dual resin cement does not interfere in the push-out; 2, the 
reline of the fiberglass post improves the resistance to extrusion; and 3, the root 
dentin region interferes with the extrusion resistance. 
  
 MATERIALS AND METHODS  
- Experimental design  
The experiment was in a factorial scheme (4x2) of subdivided plots (cervical, 
middle and apical region). The study factors were; 1, cementing technique, in 4 
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levels; 2, composite resin reline, in 2 levels; and 3, radicular dentin region, in 3 plots. 
The response variable was the extrusion shear strength (MPa).  
The materials used are detailed in Table 1. 












3M ESPE, St 
Paul, USA 
Adhesive  




ESPE, St Paul, 
USA 
Silane Pre-hydrolyzed silane 
Rely X Ceramic 
Primer, 3M 
ESPE, St Paul, 
USA 
Phosphoric acid  





Aqueous solution of HEMA and  
polyalkenoic acid copolymer 
Scotchbond Multi-
Purpose, 3M 
ESPE, St Paul, 
USA 
Activator 









Bis-GMA, HEMA and benzoyl peroxide 
Scotchbond Multi-
Purpose, 3M 
ESPE, St Paul, 
USA 
Adhesive 








GPDM, co-monomers including 






Dual resin cement 
Paste A: Bis-GMA, TEGDMA, zirconia 
and silica particles, pigments, amines 
and photoinitiator 
Paste B: Bis-GMA, TEGDMA, benzoyl 
peroxide and zirconia and silica 
particles 
RelyX ARC, 3M 
ESPE, St Paul, 
USA 
Dual resin cement 
Paste A: Silane-treated glass powder, 
2-propenoic acid, 2-methyl-, 1,1- [1- 
(hydroxymethyl) -1,2-ethanediyl] ester, 
reaction products with 2-hydroxy-1,3-
propanediyl and DMA phosphorus 
oxide, TEGDMA, silane-treated silica, 
glass oxide chemicals, sodium 
persulfate, tert-butyl peroxy-3,5,5-
trimethyl, copper (II) acetate 
monohydrate 
Paste B: Silane-treated glass powder, 
DMA substituted, DMA 1,12-dodecane, 
silane-treated silica, 1-benzyl-5-
phenylbarbic acid, calcium salt, sodium 
RelyX Ultimate, 




p-toluenesulfinate, 2-propenoic acid, 2-
methyl -, [(3-methoxypropyl) imino] di-
2,1-ethanediyl ester, calcium hydroxide, 
titanium dioxide 
Dual resin cement 
Base paste: Methacrylate monomers 
containing phosphoric acid groups, 
Methacrylate monomers, Silanated 
fillers, Initiator componentes, 
Stabilizers, Rheological additives 
Catalyst paste: Methacrylate 
monomers, Alkaline (basic) fillers, 
Silanated fillers, Initiator componentes, 
Stabilizers, Pigments, Rheological 
additives 
RelyX U200, 3M 
ESPE, St Paul, 
USA 
Dual resin cement 
Uncured Methacrylate Ester 
Monomers, inert mineral fillers, 
activators and stabilizers and 
radiopaque agent 




GMA, bisphenol-A-glycidyl dimethacrylate; Bis-EMA, ethoxylated bisphenol-A-glycidyl 
dimethacrylate; UDMA, urethane dimethacrylate; TEGDMA, triethylene glycol 
dimethacrylate; HEMA, hydroxyethyl dimethacrylate; GPDM: glycero-phosphate 
dimethacrylate. 
 
- Test specimens preparation  
  Bovine teeth with straight root anatomy closed apex and free of cracks were 
previously selected, cleaned and disinfected in 0.5% thymol solution. Eighty roots 
were sectioned at 18mm length with a diamond disc (KG Sorensen, São Paulo, 
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Brazil). The pulp tissue was removed with K type files (Dentsply-Maillefer, Tulsa, 
USA) under irrigation with 1.0% sodium hypochlorite to suspend the organic matter. 
The roots were numbered for later randomization and stored in distilled water at 37  
oC. 
 Endodontic treatment was performed manually with mechanical 
instrumentation using K files (Dentsply Maillefer, Tulsa, USA) and a 17mm working 
length. The apical stop was performed with a file 40. During the instrumentation 
process, the root canal was abundantly irrigated with distilled water, so that the 
irrigating solution does not characterize a confounding factor to the study. 15 Root 
canal obturation was performed with gutta-percha cones and Sealer 26 endodontic 
cement (Dentsply, Tulsa, USA). Then, the roots were stored in distilled water at 37 oC 
for no more than 21 days. 
 Gates Glidden and Largo Peeso no 5 and 6 drills (Dentsply Maillefer, Tulsa, 
USA) were used to prepare the root canal for the fiberglass post cementation, at a 
depth of 12mm, delimited by a rubber stop. The residues were removed with distilled 
water irrigation. 
 - Experimental groups randomization and division 
 The roots were randomly allocated by lot in 8 different groups (n = 10), 
according to the reline of the post and the cementing technique (Table 2). 
Table 2. Step-by-step description of experimental groups 
Group Description Root treatment and post cementation 
G1 Post + SBMP + 
ARC 
The root dentin was etched with 32% phosphoric acid for 
15 seconds, rinsed with distilled water for 15 seconds, 
and dried with paper cone; the Scotch Bond 
Multipurpose (SBMP) was applied with disposable brush 
and its excess removed with paper cone; the primer was 
applied (SBMP) with a disposable brush and its excess 
removed with paper cone; the catalyst was applied 
(SBMP) with a disposable brush and its excess removed 
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with paper cone; the dual resin cement was inserted 
(Rely X ARC - ARC) into the root canal; the fiberglass 
post was inserted; and the assembly was 
photopolymerized for 40 seconds with LED light at 
1400mW / cm2 (Valo, Ultradent). 
 
 
 G2 Post + U200 The root dentin was cleaned with 0.5% sodium 
hypochlorite, rinsed with distilled water for 15 seconds, 
and dried with paper cone; the self - adhesive resin 
cement (Rely X U200 - U200) was inserted into the root 
canal; the fiberglass post was inserted; and the 
assembly was photopolymerized for 40 seconds with 
LED light at 1400mW / cm2 (Valo, Ultradent). 
G3 Post + SBU + 
Ultimate 
The root dentin was cleaned with 0.5% sodium 
hypochlorite, rinsed with distilled water for 15 seconds;, 
and dried with paper cone; the universal adhesive 
(Single Bond Universal - SBU) was applied ) with a 
disposable brush and its excess removed with paper 
cone; the dual resin cement (Rely X Ultimate – Ultimate) 
was inserted into the root canal; the fiberglass post was 
inserted; and the assembly was photopolymerized for 40 
seconds with LED light at 1400mW / cm2 (Valo, 
Ultradent). 
G4 Post + All-in-
one + NX3 
The root dentin was cleaned with 0.5% sodium 
hypochlorite, rinsed with distilled water for 15 seconds, 
and dried with paper cone; the self-etching simplified 
adhesive (All-in-One - AIO) was applied with a 
disposable brush and its excess removed with paper 
cone; the dual resin cement (NX3) was inserted into the 
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root canal; the fiberglass post was inserted; and the 
assembly was photopolymerized for 40 seconds with 
LED light at 1400mW / cm2 (Valo, Ultradent). 
G5 Relined post + 
SBMP + ARC 
The same steps as G1 were done, except the relined 
post that it was only cleaned with phosphoric acid.  
G6 Relined post + 
U200 
The same steps as G2 were done, except the relined 
post that it was only cleaned with phosphoric acid. 
G7 Relined post + 
SBU total-etch 
+ Ultimate 
The same steps as G3 were done, except the relined 
post that it was only cleaned with phosphoric acid. 
G8 Relined post + 
All-in-one + 
NX3 
The same steps as G4 were done, except the relined 
post that it was only cleaned with phosphoric acid. 
 
All post groups followed the manufacturer treatment protocol, where the post 
was cleaned with alcohol and the silane was applied and dried for 45 seconds. The 
Scotchbond Multi-Purpose adhesive was then applied and photopolymerized for 20 
seconds. 
For the post relining, from group G5 to G8, the post was soaked with a 
composite resin, placed in position in the root canal and photopolymerized for 5 
seconds, then the post and resin assembly were removed from the root canal and 
photopolymerized again for 40 seconds. The posts were then conditioned with 35% 
phosphoric acid for 20 seconds, washed and dried with an air jet. 
           Each group contained 10 representative specimens; and from each tooth 
could be made 2 or 3 discs for each region (cervical, middle or apical). 
- Mechanical test of shear strength by extrusion (push-out)  
 After storage of the discs in 100% relative humidity at 37oC for 24 hours, the 
shear strength test was performed by extrusion, following the thin discs push-out 
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protocol. This method is more favorable for the uniformity of the data and allows to 
distinguish local differences of adhesion and also to reduce the number of teeth 
needed to make the specimens. 16  
          Each group had specimens of the cervical, middle and apical region, and their 
cervical faces were marked with graphite. A stainless steel device containing a 5mm 
internal diameter hole in the central region was used to position each test body on 
the INSTRON universal test machine. The discs containing the fiberglass post were 
positioned exactly in the same direction as the hole in the metal baseplate, with the 
cervical side down so that the load was applied in the apex-coronal direction. A metal 
rod with 1.0 mm active tip diameter was attached to the machine grip and positioned 
in the center of the fiberglass post, and then a force of 50 kg was applied at a speed 
of 0.5 mm/min until fracture. The values obtained in kgf were multiplied by 0.0980655 
which corresponds to the conversion factor of kgf to Newton and the area was 
calculated by the formula A = 2π (R2 + R1) x [h2 + (R2-R1)] 0.5, where π is the 3.14 
constant, h is the disc thickness, R2 is the post cervical portion radius, and R1 is the 
post apical portion radius. Then, the force in N was divided by the area found 
obtaining the values of extrusion resistance in MPa.16,17 
 - Failure mode analysis description 
 The samples, after the push-out test, were analyzed under an optical 
microscope and classified into one of the five failure modes: 1, adhesive failure 
between dentin and resin cement; 2, adhesive failure between resin cement and 
fiberglass post; 3, cohesive failure in resin cement; 4, cohesive failure in fiberglass 
post; and 5, mixed failure. 
 - Statistical analysis  
 After the exploratory and descriptive analysis, the data were transformed 
into square root to meet the assumptions of a parametric analysis. Variance analysis 
was applied in subdivided plots scheme, the plots being represented by the effects of 
the reline and cementing technique and the subplots represented by the radicular 





 RESULTS  
 
The results of the push-out can be seen in table 3. 
 
Table 3. Mean (standard deviation) of extrusion shear strength (MPa) according to 
relining, cementation technique, and root dentin region.  
Reline Technique Root dentin region 




*3,85(1,44)Aa *2,43(0,76)ABa 1,78(1,02)Ba 













6,70(0,79)Aa 6,06(1,10)Aa 3,34(0,78)Bab 









2,46(0,92)Ab 2,38(1,11)Ab 2,48(2,05) Ab 
* It differs from the groups without relining under the same conditions of technique 
and region (p <0.05). Means followed by distinct letters (horizontal uppercase and 
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vertical lowercase comparing techniques within each relining condition) differ from 
each other (p <0.05). 
          From the table 3, it can be observed that in group 1 (SBMP + ARC) the 
cervical region showed greater resistance to shear by extrusion and statistical 
similarity with the middle region. However, the cervical region differed statistically 
from the apical region, which showed the lowest strength. 
 Group 2 (U200) demonstrated the greatest resistance to shear by extrusion 
also in the cervical region, being statistically similar to the middle region and different 
from the apical region that presented the lowest shear strength of the three regions, 
but did not present statistical difference when compared with the average. 
          Group 3 (SBU total-etch + Ultimate) showed statistical similarity in the cervical 
and middle region, being the cervical one that presented the greatest resistance by 
shear. The apical region in this group was statistically significantly different in relation 
to the other regions. 
          In group 4 (All-in-on + NX3) the three regions, cervical, middle and apical, did 
not present significant statistical difference, being the medium region with greater 
resistance to shear. 
          Group 5 (SBMP + ARC with relined post) showed statistical similarity between 
the cervical and middle regions. However, the apical region showed the lowest shear 
strength and statistical difference in relation to the other regions. In addition, the 
cervical and middle regions showed a statistical difference between the cervical and 
middle region from the group 1 mean (SBMP + ARC), which is the group without 
relining of the fiberglass post. 
  In group 6 (U200 with relined post), 7 (SBU total-etch + Ultimate with relined 
post) and 8 (All-in-one + NX3 with relined post) the three regions, cervical, middle 
and apical did not present a statistical significant difference between them, as there 
was no significant difference when comparing group 6 to group 2 and group 8 to 
group 4. Nevertheless, the apical region of group 7 showed a statistically significant 
difference in relation to the same region of group 3, which did not have relined post. 
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     When comparing the cervical regions of the groups without relining (1, 2, 3 and 4), 
they did not show a statistical difference between them. The same occurred when we 
compared the middle and apical regions of these groups. The cervical region of 
groups 5, 6 and 7, were statistically similar, while the cervical region of group 8 
showed lower shear strength than the other groups. The middle regions of the groups 
with relining were statistically similar to each other, with the exception of group 8, 
which showed lower shear strength. Finally, the apical regions of groups 5, 6 and 7 
were statistically similar, with group 7 having the highest shear strength by extrusion, 
whereas group 8 showed lower strength among the groups with relining. 
 The failure mode is shown in figure 1. 
 
 Figure 1. Failure mode distribution (%) between the groups observed by 
optical microscopy. AD, adhesive failure; MIX, mixed failure. 1, adhesive failure 
between dentin and resin cement; 2, adhesive failure between resin cement and 
fiberglass post; 3, cohesive failure in resin cement; 4, cohesive failure in fiberglass 




 The results will present a greater homogeneity in the groups without relining, 
with greater number of failures of type 1. However, the groups with relining show a 
greater heterogeneity, that is, the failure mode of type 1 even being in large quantity 
was not so prevalent when in G1 to G4. 
 
 DISCUSSION  
 This study evaluated the influence of the different cementation techniques of 
fiberglass posts relined or not with composite resin using different resin cements. 
Several adhesive systems were tested to establish a protocol with fewer steps, 
leading to a simplification of the Restorative Dentistry. 
 The first hypothesis that the use of a universal dentin adhesive system 
associated to a dual resin cement does not interfere in the extrusion resistance was 
partially accepted, since there was no statistical difference regarding the different 
cementing protocols without relining the fiberglass post, but among the groups with 
relining, the group 8 (All-in-one + NX3) has shown inferior results when compared to 
the others. The RelyX Arc + Adper Scotchbond Multi-Purpose groups have a protocol 
that uses acid etching. This type of adhesive is the oldest used in dentistry and 
depends on the formation of a hybrid layer through the infiltration of hydrophilic 
monomers after the demineralization of the superficial dentin by the acid etching.18 
However, universal adhesive systems can be used either with acid etching or as a 
self-etching.8,9,19 In this study, Scotchbond Universal adhesive was used in groups 3 
and 7, and the OptiBond All-in-One universal adhesive was used in groups 4 and 8 
as a self-etching. Another technique for the simplification of the Restorative Dentistry 
is the use of the self-adhesive resin cements, thus eliminating the adhesive system 
step of the cementation protocol. These cements demineralize the dentin superficially 
without causing the formation of the hybrid layer, nor of the resin tags.20, 21, 22 
Therefore, in this study, groups 2 and 6 have in their protocol the self-adhesive 
cement RelyX U200. These results corroborate with the evidence from other studies 
that show there is no difference between the different cementation techniques using 
resin cements.23, 24,  25 On the other hand, the unsatisfactory results of group 8 require 
further studies, since the literature is scarce in relation to the use of this type of 
protocol for fiberglass post cementation and there are no previous studies using this 
adhesive for intraradicular post cementation.   
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 The second hypothesis, that the reline of the fiberglass post improves the 
extrusion resistance, was rejected. This is because this study has shown that there 
was no significant difference when compared the groups with or without relining of 
the intraradicular post using the same cementation protocol, with exception for 
groups 1 and 5 that showed a statistical difference in the cervical and middle region 
when compared and groups 3 and 7 in the apical region. However Rocha AT et al, it 
has shown that it perceives a difference when compared to groups with and without 
relining of the intraradicular post. Nevertheless, the literature says that there is a lot 
of divergence in the bond strength, depending on the methodology used.27,28 
    The main advantage of the post reline is the improvement in the adaption of the 
post to the root canal walls and reduction of the cement thickness used.29 However, if 
there is no good adhesion quality at the dentin/adhesive interface, regardless of the 
cement thickness and the mechanical retention created, adhesive failure will occur in 
the disc push-out tests, but from G5 to G8 there was a smaller amount of this type of 
failure, therefore, it is speculated that even though not having such superior results in 
the push-out the groups with relining have a better adhesive quality at the interface 
dentin / adhesive, besides showing statistically similar in the three root regions, 
especially in the G7, which is suspected to be due to the homogeneity of the cement 
line due to the relining. 
 Finally, the third hypothesis, that the root dentin region interferes with the 
extrusion resistance, is valid for all groups without post relining and for the group 5, 
while the others did not present statistical differences between the different root 
regions. The data from this study has shown that the apical region had inferior 
resistance when compared to the cervical region, in agreement with the 
literature.25,30,31,32 These results may be due to the restrict light access in the root 
apical region. In theory, dual resin cements should polymerize with or without light, 
but different from the self-curing resin cements the number of chemical initiators 
interferes with the working time of the double-cure cements.25 Depending on the 
manufacturer, self-curing is limited, requiring light activation to have a better bond 
strength and mechanical properties after cementation.33 Therefore, deeper regions 
are inaccessible to light compromising the monomers degree of conversion in the 
apical region and the properties of the resin cement.30,32 Another reason for the 
apical region to have the lowest extrusion shear strength values in relation to the 
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others is its morphology. In the apical region, the dentin is more disorganized and 
irregular in relation to the cervical, which can contribute to lower values, besides a 
poorer formation of the hybrid layer.34 
 
 CONCLUSION 
 Based on data from this in vitro study, the following conclusions were drawn: 
01.  The hypothesis that a universal dentin adhesive system associated with 
dual resin cement interferes with the extrusion resistance is false; 
02.  The reline of the fiberglass pin despite not presenting significant difference 
in the values of the push-out, but shows in the failure mode greater 
adhesive resistance;  
03.  The hypothesis that the root dentin region interferes with the extrusion 
resistance is true, with a difference between the regions and the apical one 
with the lowest values. 
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 Baseado nos dados desse estudo in vitro, foram feitas as seguintes 
conclusões: 
01.  A hipótese de que um sistema adesivo dentinário universal associado ao 
cimento resino dual interfere na resistência à extrusão é falso;  
02.  O reembasamento do pino de fibra de vidro apesar de não apresentar 
diferença significativa nos valores do push-out, mostra no padrão de falha 
maior resistência adesiva; 
03. A hipótese de que a região da dentina radicular interfere na resistência à 
extrusão é verídica, tendo diferença entre as regiões e sendo a apical a com 
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APÊNDICE 1 – MATERIAIS E MÉTODOS 
O experimento foi em esquema fatorial de parcelas subdivididas (região 
cervical, médio e apical). Os fatores de estudo foram: 1) reembasamento com resina 
composta, em 2 níveis; 2) técnica de cimentação, em 4 níveis; 3) região da dentina 
radicular, em 3 parcelas. A variável resposta foi: 1) resistência ao cisalhamento por 
extrusão (MPa). 
Materiais usados na pesquisa estão detalhados na tabela 1. 




Fibra de vidro e resina epóxica 
Exacto, Angelus, 
Londrina, Brasil 
Resina composta  
BisGMA, BisEMA e UDMA, Partículas: 
sílica/zircônia,  
Fotoiniciador 
Filtek Z250XT, 3M 
ESPE, St Paul, 
EUA 
Adesivo  




ESPE, St Paul, 
EUA 
Silano Silano pré-hidrolizado 
Rely X Ceramic 
Primer, 3M ESPE, 
St Paul, EUA 
Ácido fosfórico  





Solução aquosa de HEMA e copolímero 
de ácido polialcenóico 
Scotchbond Multi-
Purpose, 3M 









ESPE, St Paul, 
EUA 
Catalisador  
Bis-GMA, HEMA e peróxido de benzoíla 
Scotchbond Multi-
Purpose, 3M 
ESPE, St Paul, 
EUA 
Adesivo 
MDP, copolímero de ionômero de vidro, 
silano e fotoiniciador 
Single Bond 
Universal, 3M 
ESPE, St Paul, 
EUA 
Adesivo 
GPDM, co-monômeros incluindo 
monômero metacrilatos mono e 







Pasta A: BisGMA, TEGDMA, partículas 
de sílica e zircônia, pigmentos, aminas e 
fotoiniciadores  
Pasta B: Bis-GMA, TEGDMA, peróxido 
de benzoíla e partículas de sílica e 
zircônia 
RelyX ARC, 3M 




Pasta A: Pó de vidro tratado com silano, 
ácido 2-propenóico, 2-metil-, 1,1- [1- 
(hidroximetil) -1, 2-etanodiil] éster, 
produtos da reacção com 2-hidroxi-1,3-
propanodiilo e DMA óxido de fósforo, 
TEGDMA, sílica tratada com silano, 
óxido de produtos químicos de vidro, 
persulfato de sódio, terc-butil-peroxi-
3,5,5-trimetil, cobre (II) mono-hidrato de 
acetato 
RelyX Ultimate, 




Pasta B: Pó de vidro tratado com silano, 
DMA substituído, DMA 1,12-dodecano, 
sílica tratada com silano, 1-benzil-5-
phenylbarbic-ácido, sal de cálcio, p-
toluenesulfinate de sódio, ácido 2-
propenóico, 2-metil-, éster de[(3-
metoxypropyl) imino] di-2,1-etanodiilo, 




Pasta base: monómeros de metacrilato 
contendo grupos de ácido fosfórico, 
monómeros de metacrilato, carga 
silanada, componentes iniciadores, 
estabilizadores, aditivos reológicos  
Pasta catalisadora: monómeros de 
metacrilato, cargas alcalinas (básicas), 
carga silanadas, componentes 
iniciadores, estabilizadores, pigmentos, 
aditivos reológicos 
RelyX U200, 3M 




Uncured Methacrylate Ester Monomers, 
non-hazardous inert mineral fillers, non-
hazardous activators and stabilizers and 
radiopaque agent 




BisGMA: bisfenol-A-glicidil dimetacrilato; BisEMA: bisfenol-A-glicidil dimetacrilato 
etoxilado; UDMA: uretano dimetcrilato; TEGDMA: trietilenoglicol dimetacrilato; 
HEMA: hidroxietil dimetacrilato; GPDM: glicero fosfato dimetacrilato. 
 - Confecção dos corpos de prova 
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Dentes bovinos com anatomia radicular reta, ápice fechado e livre de trincas 
foram selecionadas previamente e limpas e desinfeccionadas em solução de timol a 
0,5%. Foram utilizadas 80 raízes seccionadas com disco, na cortadeira, no 
comprimento de 18mm (Figura 1 e 2). A polpa foi removida com limas tipo K 
(Dentsply-Maillefer, Tulsa, EUA) e irrigação com hipoclorito de sódio a 1,0% para 
suspensão da matéria orgânica. As raízes foram numeradas para posterior 















Figura 2. Conferência do comprimento da raiz em 18 mm. 
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O tratamento endodôntico foi realizado manualmente com instrumentação 
mecânica com limas K (Dentsply Maillefer, Tulsa, EUA) em comprimento de trabalho 
de 17mm, e batente apical realizado com a lima 40. Durante o processo de 
instrumentação, o conduto radicular foi abundantemente irrigada com água 
destilada, para que a solução irrigadora não caracterize um fator de confundimento 
ao estudo (figura 3 – a,b). A obturação do conduto radicular foi realizada com cones 
de guta-percha e cimento endodôntico Sealer 26 (Dentsply, Tulsa, EUA) (figura 4). 
Então, as raízes serão armazenadas em água destilada a 37oC por não mais do que 
21 dias. 
Figura 3. a) instrumentação do canal radicular com limas do tipo K; b) irrigação para 













Brocas Gates Glidden e Largo Peeso nº 5 e 6 (Dentsply Maillefer, Tulsa, EUA) 
foram utilizadas para o preparo do conduto radicular para a cimentação do pino de 
fibra de vidro, na profundidade de 12mm (figura 5), delimitada por um stop de 







Figura 4. Preparo do conduto radicular em 12 mm para cimentação do pino de fibra 
de vidro. 
- Randomização e divisão dos grupos experimentais 
As raízes foram alocadas aleatoriamente por meio de sorteio em 8 grupos 
diferentes (n=10), de acordo com o reembasamento do pino e a técnica de 
cimentação (Tabela2). 
Tabela2. Descrição do passo a passo dos grupos experimentais 
Grupo Descrição Tratamento da raíz e cimentação do pino 
G1 Pino + SBMP + 
ARC 
Condicionamento com ácido fosfórico a 32% por 15 
segundos da dentina radicular; lavagem com água 
destilada por 15 segundos; secagem com cone de 
papel; aplicação do ativador (Scotch Bond Multipurpose 
– SBMP) com pincel descartável e remoção do seu 
excesso com cone de papel; aplicação do primer 
(SBMP) com pincel descartável e remoção do seu 
excesso com cone de papel; aplicação do catalisador 
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(SBMP) com pincel descartável e remoção do excesso 
com cone de papel; inserção do cimento resinoso dual 
(Rely X ARC – ARC) no interior do conduto radicular;  
inserção do pino de fibra de vidro previamente tratado 
com silano; fotopolimerização do conjunto por 40 
segundos com luz LED a 1400mW/cm2 (Valo, Ultradent). 
 G2 Pino + U200 Limpeza da dentina radicular com hipoclorito de sódio 
0,5%, lavagem com com água destilada por 15 
segundos; secagem com cone de papel; inserção do 
cimento resinoso autoadesivo (Rely X U200 – U200) no 
interior do conduto radicular; inserção do pino de fibra 
de vidro previamente tratado com silano; 
fotopolimerização do conjunto por 40 segundos com luz 
LED a 1400mW/cm2 (Valo, Ultradent). 
G3 Pino + SBU + 
Ultimate 
Limpeza da dentina radicular com hipoclorito de sódio 
0,5%; lavagem com com água destilada por 15 
segundos; secagem com cone de papel; aplicação do 
adesivo universal (Single Bond Universal - SBU) com 
pincel descartável e remoção do excesso com cone de 
papel; inserção do cimento resinoso dual (Rely X 
Ultimate – Ultimate) no interior do conduto radicular; 
inserção do pino de fibra de vidro previamente tratado 
com silano; fotopolimerização do conjunto por 40 
segundos com luz LED a 1400mW/cm2 (Valo, 
Ultradent). 
G4 Pino + All-in-
one + NX3 
Limpeza da dentina radicular com hipoclorito de sódio 
0,5%; lavagem com com água destilada por 15 
segundos; secagem com cone de papel; aplicação do 
adesivo autocondicionante simplificado (All-in-One - 
AIO) com pincel descartável e remoção do excesso com 
cone de papel; inserção do cimento resinoso dual (NX3) 
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no interior do conduto radicular; inserção do pino de 
fibra de vidro previamente tratado com silano; 
fotopolimerização do conjunto por 40 segundos com luz 
LED a 1400mW/cm2 (Valo, Ultradent). 
G5 Pino 
reembasado + 
SBMP + ARC 
Da mesma maneira que G1, exceto pelo pino 





Da mesma maneira que G2, exceto pelo pino 






Da mesma maneira que G3, exceto pelo pino 






Da mesma maneira que G4, exceto pelo pino 
reembasado que será somente limpo com ácido 
fosfórico. 
 
Todos os grupos seguiram o protocolo de tratamento do pino de fibra de vidro 
de acordo com o fabricante, em que o pino foi limpo com álcool, aplicado de silano e 
seco por 45 segundos. O adesivo Scotchbond Multi-Purpose foi aplicado e 











Figura 5. Protocolo de tratamento do pino de fibra de vidro. 
Para o reembasamento do pino, nos grupos de G5 a G8, o pino foi embebido 
com a resina composta, colocado em posição no conduto radicular e 
fotopolimerizada por 05 segundos, depois o conjunto pino e resina foi removido do 
canal e fotoativado novamente durante 40 segundos. Em seguida, os pinos foram 
condicionados com ácido fosfórico 35% por 20 segundos, lavados e secos com jato 




Figura 6. a) Pino embebido em resina composta; b) Colocação em posição no 
conduto radicular; c) fotoativação por 05 segundos e remoção do conduto, e; d) 
fotoativação por 40 segundos.  
 Cada grupo contém 10 amostras representativas; e de cada dente foi 








Figura7. Esquema representando a obtenção dos corpos de prova. 
 
 - Ensaio mecânico de resistência ao cisalhamento por extrusão (push-
out) 
 Após armazenamento dos discos em 100% de umidade relativa a 37oC por 
24 horas, foi realizado o teste de resistência ao cisalhamento por extrusão, seguindo 
o protocolo de push-out de discos finos. 
 Cada grupo teve espécimes da região cervical, médio e apical e a face 
cervical de cada um deles foi marcado com grafite. Um dispositivo em aço 
inoxidável, contendo um orifício de 5mm de diâmetro interno na região central, foi 
usado para posicionar cada corpo de prova na máquina de ensaio universal 
INSTRON (figura 8). Os discos contendo o pino de fibra de vidro foram posicionadas 
exatamente na mesma direção do orifício da base metálica, com o lado cervical para 
baixo para que a carga seja incidida no sentido ápice-coronal. Uma haste metálica 
com ponta ativa de 1,0 mm de diâmetro foi fixada no mordente da máquina e 
posicionada no centro do pino de fibra de vidro e incidida uma força de 50kg numa 
velocidade de 0,5 mm/min, até a fratura (figura 9). Os valores obtidos em kgf foram 
multiplicados por 0,0980655 que corresponde ao fator de conversão de kgf para 
Newton e a área será calculada pela fórmula A = 2π(R2+R1) x [h2 + (R2-R1)]0,5, 
onde π é a constante 3,14 e h é a espessura do disco e R2 é o raio que corresponde 
a porção coronal do pino e R1 é o raio da porção apical do pino. Em seguida, a força 
em N foi dividida pela área encontrada obtendo-se os valores de resistência à 



























Figura 9. Força incidida até a fratura do disco. 
  - Descrição da análise de padrão de falha 
As amostras, após o push-out, foram analisadas em microscópio óptico para 
classificação dos padrões de falha: 1) falha adesiva entre dentina e cimento 
resinoso; 2) Falha adesiva entre cimento resinoso e pino de fibra de vidro; 3) 
Falha coesiva no cimento resinoso; 4) Falha coesiva no pino de fibra de vidro e; 
5)Falha mista. 
- Análise estatística 
Após a análise exploratória e descritiva os dados foram transformados em raiz 
quadrada para atenderem as pressuposições de uma análise paramétrica. Foi aplica 
análise de variância em esquema de parcelas subdivididas, sendo as parcelas 
representadas pelo efeitos do reembasamento e técnica de cimentação e as 
subparcelas pela região da dentina radicular. Todas as análises foram realizadas no 














ANEXO 1  
Comprovação de submissão para Operative Dentistry: 
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